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ABSTRACT 
 Hypercholesterolemia is characterized by high levels of low-density lipoprotein (LDL) cholesterol and 
it causes diseases such as tendon xanthomata, and premature atherosclerosis and coronary heart 
disease. Kynamro is a second-generation antisense oligonucleotide and it blocks the production 
messenger ribonucleic acid (mRNA) for apo B-100. It has been shown to decrease apoB, LDL-
cholesterol in patients with heterozygous and homozygous hypercholesterolemia on maximally 
tolerated lipid-lowering therapy.  It is distributed mainly to the liver. The most common adverse 
reactions are hepatic steatosis and injection site reactions.   Kynamro given alone or in combination 
with standard lipid-lowering medications shows promise as an adjunct therapy in patients with 
homozygous or refractory heterozygous hypercholesterolemia at high risk of atherosclerotic CHD, who 
are not at target or are intolerant of statins. 
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INTRODUCTION 
Cholesterol is a waxy, fat-like organic 
molecule. It is a modified steroid. It comes 
from two sources: body sources and food 
sources. It is essential to establish proper 
membrane permeability and fluidity. When 
cholesterol level increases in our body than 

the normal level then it is called as 
hypercholesterolemia. If there is too much 
cholesterol in the blood, some of the excess 
can become trapped in artery walls and it 
causes various heart diseases such as 
atherosclerosis or hardening of the arteries, 
chest pain or angina, heart attack etc 1-7.  

 

 
Structure of cholesterol 6-8 

 

Properties of cholesterol 8-10 
Properties 

Molecular formula C27H46O 
Molar mass 386.65 g/mol 

Density 1.052 g/cm3 

Boiling Point 3600C 

Solubility 
Soluble in water, acetone, benzene, 
chloroform, ethanol, ether, hexane, 

methanol 
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Types of cholesterol 11-13 

Types of cholesterol Description 

Low density lipoprotein (LDL) 
It is called as ‘bad’cholesterol. The higher level of LDL cholesterol 

in the blood, the greater the risk of heart disease. It carries 
cholesterol to tissues including arteries. 

High density lipoprotein (HDL) 
It is called as ‘good’ cholesterol. A low level of HDL cholesterol 

increase risk for heart disease. It carries cholesterol from tissue to 
the liver. 

Triglycerides A fat that circulates in blood and increase risk of heart disease. 

Very low density lipoprotein (VLDL) 
They are majorly composed of fats and lipids and have very little 
or all most no protein at all. Excess amount of VLDL cause heart 

disease. 
 

 

Levels of cholesterol in blood11-16 

 

 Factors affecting cholesterol in human body17-19 
Risk factors Description 

Age and sex Cholesterol level rise in aged people than younger. Before menopose, women tend to have lower total 
cholesterol levels than men of the same age. 

Diabetes Poorly controlled diabetes increases cholesterol levels 

Exercise For management of cholesterol levels exercise is needed. Regular exercise can lower LDL cholesterol 
and rise HDL cholesterol. 

Weight Excess weight tends to increase LDL level and decrease HDL cholesterol. 
Diet Saturated fat, trans fat, cholesterol diet make LDL level rise. 

Heredity High blood cholesterol can run in families. 

 
Kynamro is an antisense oligonucleotide which 
is a very short fragment of DNA designed to 
block the production protein called 
apolipoprotein B. Apolipoprotein is the main 
component of LDL cholesterol. The U.S. Food 
and Drug Administration (FDA) has been 
approved kynamro on 28 January 2013 to 
treat inherited cholesterol disorder. It is 
administered by subcutaneous injection in a 
formulation with 0.9% sodium chloride and 
targets apo B-100 mRNA in the liver 18-21. 

 
Structure of Kynamro 
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The molecular formula of Kynamro is 
C230H305N67O122P19S19Na19 and the molecular 
weight is 7594.9 g/mol. The nucleotides are 
linked with phosphorothioate linkages rather 
than the phosphodiester linkages 
of RNA and DNA, and the sugar parts 
are deoxyribose in the middle part of the 
molecule and 2'-O-methoxyethyl-modified 
ribose at the two ends23.  
 
Mechanism of action  
Kynamro is an antisense oligonucleotide and it 
consists of 20-mer 2´-O-methoxyethyl modified 
nucleotide complementary. It blocks the 
production messenger ribonucleic acid 
(mRNA) for apo B-100 which is the main 
component of LDL cholesterol. Kynamro forms 
a duplex with the targeted mRNA for apo B-
100 and binds by Watson and Crick base 
pairing. The hybridization of kynamro to the 
cognate mRNA results in RNase H-mediated 
degradation of the cognate mRNA thus 
inhibiting translation of the apo B-100 protein 
and it reduces hepatic apo B, plasma total 
cholesterol, LDL-cholesterol and apo B 
concentrations in a dose and time-dependent 
manner 20, 24. 
  
PHARMACOKINETICS  
The various pharmacokinetics properties 25-27 
of kynamro are following below-   
 

Absorption  
Kynamro has complete systemic absorption 
and peak concentrations of kynamro are 
typically reached in 3 to 4 hours after 
subcutaneous injection. The plasma 
bioavailability of kynamro ranged from 54% to 
78% after   following subcutaneous 
administration over a dose range of 50 mg to 
400 mg.  
 

Distribution  
In plasma, greater than 85% of kynamro is 
bound to plasma proteins. It is rapidly and 
extensively distributed to tissues (volume of 
distribution in humans 48.3 L/kg).  It has a 
distribution plasma half-life of approximately 2 
to 5 hours.  
 
Metabolism  
Kynamro is metabolized in tissues by 
endonucleases to form shorter 
oligonucleotides that are then substrates for 
additional metabolism by exonucleases. It is 
not a substrate for CYP450 metabolism. 
 
Excretion  
In the first 24 hours the urinary excretion of the 
drug is low. The elimination half-life for 
kynamro is approximately 1 to 2 months, after 
subcutaneous administration. 
 
Drug Interactions  
No clinically relevant pharmacokinetic 
interactions were reported between kynamro 
and warfarin, or between kynamro and 
simvastatin or ezetimibe.  
 
CLINICAL TRIALS  
In a clinical trials of kynamro, 51 patients with 
hypercholesterolemia were evaluated in a 
multinational, randomized [kynamro (n=34), 
placebo (n=17)], placebo controlled, 26-week 
trial. The recommended dose of kynamro is 
200 mg once weekly as a subcutaneous 
injection given to the patients. The primary 
efficacy endpoint was percent change in LDL-
C from baseline to Week 28.  At Week 28, the 
mean and median percent changes in LDL-C 
from baseline were -25% (p<0.001) and -19%, 
respectively, for the kynamro group. The mean 
and median treatment difference from placebo 
was -21% (95% confidence interval [CI]: -33, -
10) and -19%, respectively 22.

 

   Clinical trial profile 
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DOSAGE AND ADMINISTRATION  
Kynamro is available in a single-use vial or 
pre-filled syringe. The recommended dose of 
kynamro is 200 mg once weekly as a 
subcutaneous injection20. 
 
 SUPPLIED, STORAGE AND HANDLING  
Kynamro should be stored at 2-80C 
temperature and it should be protected from 
light. It should be supplied in single-use, 2 mL, 
clear glass vials or single-use, 1 mL, clear 
prefilled syringes with staked needles20. 
 
ADVERSE REACTIONS  
The various adverse reactions 22 are following 
below- 
 
Hepatotoxicity 
Liver fat is increased in patients who received 
kynamro therapy than in patients receiving 
placebo. Increased hepatic fat causes liver 
disease, including steatohepatitis and 
cirrhosis. In clinical trials, the medium absolute 
increase in hepatic fat was 10% after 26 
weeks of treatment from 0% of base line and 
the hepatic fat measured by magnetic 
resonance imaging (MRI).  Patients should not 
consume alcohol in excess amount because it 
may increase liver fat and induce or 
exacerbate liver injury. 
The concentration of serum transaminases 
such as alanin aminotransferase (ALT) and or 
aspartate aminotransferase (AST) is increased 
during the treatment of hypercholesterolemia 
patients with kynamro. Before initiation of 
treatment with kynamro, it is necessary to 
measure a full liver panel to include ALT, AST, 
total bilirubin and alkaline phosphatase. 
 
Injection Site Reactions 
Injection site reactions is the most common 
reported adverse reactions and it  occurred in 
84% of patients receiving kynamro versus 
33% of placebo treated patients. Erythema 
(59%), pain (56%), hematoma (32%), pruritus 
(29%), swelling (18%) and discoloration (17%) 
are the most common injection site reaction. 
Injection site reactions did not occur with every 
injection.   
 
Flu-like Symptoms 
There are various flu-like symptoms including 
pyrexia, chills, influenza-like illness, myalgia, 
arthralgia, malaise or fatigue have been 
reported more frequently in patients receiving 
kynamro (29.9%) versus placebo (16.3%) in 
the pooled Phase 3 studies. 
 
 
 

Immunogenicity 
 As per pooled Phase 3 trial, it is found that 
38% of kynamro treated patients showed a 
positive result for anti-kynamro antibodies. 
Patients who are found positive in the anti-
kynamro antibodies showed a similar result in 
patients who are found to be negative for 
antibodies (mean LDL-C percent change from 
baseline was -32% for antibody-positive and -
34% for antibody-negative participants). In the 
open-label extension trial, approximately 72% 
of patients receiving kynamro therapy were 
found to be positive for anti-kynamro 
antibodies (35% with titers > 3200). Certain 
diseases like flu-like symptoms and the 
incidence of discontinuation of kynamro were 
seemed to be higher in antibody-positive 
patients and antibodies to kynamro were found 
to be associated at higher trough levels for the 
drugs. The detection of antibody formation is 
highly dependent on the sensitivity and 
specificity of the assay. Additionally, the 
observed incidence of antibody (including 
neutralizing antibody) positivity in an assay 
may be influenced by several factors including 
assay methodology, sample handling, timing 
of sample collection, concomitant medications, 
and underlying disease. For these reasons, 
comparison of the incidence of antibodies to 
kynamro with the incidence of antibodies to 
other products may be misleading. 
 
SPECIAL CARE WITH SPECIAL 
POPULATIONS  
Pregnancy 
In case of pregnancy, kynamro should be used 
if clearly needed. During kynamro therapy, 
females should be advised to use effective 
contraceptives. There are no controlled data in 
pregnant women. Because animal 
reproduction studies are not always predictive 
of the human response, this drug should be 
used during pregnancy only if clearly needed. 
Reproduction and embryofetal development 
studies performed in mice at doses up to 87.5 
mg/kg/week given by subcutaneous 
administration from mating through 
organogenesis and in pregnant rabbits given 
52.5 mg/kg/week, show no evidence of 
impaired fertility or harm to the fetus at 2 
(mice) to 5 (rabbits) times clinical exposure at 
a 200 mg/week therapeutic dose 22. 
 
Nursing Mothers  
Many drugs are excreted in human milk but it 
is not known whether kynamro is excreted in 
human milk. Before kynamro therapy of 
nursing mother, a decision should be made 
whether to discontinue nursing or discontinue 
the drug. Lactating rats administered 
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mipomerson at doses up to 70 mg/kg/week (3 
times the anticipated systemic exposure from 
a 200 mg/week dose consumed less food 
while nursing. This correlated with reduced 
weight gain in the rat pups, and decreased 
pup survival. 
 
Female’s reproductive potentials- 
Females of reproductive potential should use 
effective contraception during kynamro 
therapy. Special care should be provided for 
pregnant women during kynamro therapy 
because it may cause fetal harm. 
 
Renal and hepatic impairment 
Kynamro is not recommended in patients with 
severe renal impairment, clinically significant 
proteinuria or on renal dialysis because of the 
lack of clinical data and kynamro renal safety 
profile. The safety and efficacy of kynamro 
treatment in patients with known hepatic 
impairment have not been established. 
Kynamro is contraindicated in patients with 
clinically significant hepatic dysfunction, which 
may include persistent elevations of 
transaminases 22.  
 
NONCLINICAL TOXICOLOGY  
 Impairment of Fertility, Carcinogenesis  
Mipomersen sodium had no effect on fertility in 
mice at doses up to 87.5 mg/kg/wk (2 times 
clinical exposure at the 200 mg/wk dose based 
on body surface area comparisons). 
In carcinogenicity study in mice, the 
mipomersen sodium was administered for up 
to 104 weeks at doses of 5, 20, 60 
mg/kg/week. In this study incidence of 
hepatocellular adenoma, combined adenoma 
and carcinoma were significantly increases in 
female mice at 6o mg/kg/wk for both 
mipomersen sodium and mouse-specific 
analog. The incidence of hemangiosarcomas 
in female mice and fibrosarcomas of the 
skin/subcutis in male mice were also 
increases. 
In carcinogenicity study in rats the 
mipomersen sodium was administered for up 
to 104 weeks at doses of 3, 10, 20 mg/kg/wk. 
There were statistically significant  increases 
in the incidences of fibrosarcomas of the  
skin/subcutis and the combination of fibroma, 
fibrosarcomas and malignant fibrous  
histiocytoma of the skin/subcutis in female rats 
at  10 mg/kg/wk, at less than clinical exposure 
at the 200 mg/wk dose based on body surface  
area comparisons. It has been found that the 
rats of both sexes had significant increases in 
the incidence of malignant fibrous histiocytoma 
of the skin/subcutis at 20 mg/kg/wk (at clinical 

exposure at the 200 mg/wk dose based on 
body surface area comparisons22.   
 
 Animal Pharmacology and/or Toxicology  
Kidneys and liver are the principal targets 
organs and it represents the highest 
distribution of compound, and exhibit 
microscopic changes reflective of cellular 
uptake in macrophages. 
 Mipomersen has toxicological effect i.e 
spectrum of inflammatory changes in 
numerous organs   including lymphohistiocytic 
cell infiltrates and increases in lymphoid organ 
weights, associated with increases in plasma 
cytokines, chemokines and total serum IgG 22.   
 
MARKET ACCESS HISTORY  
The ISIS Pharmaceuticals have discussed 
productive regulatory discussion regarding the 
mipomersen NDA filing on January 11, 2011. 
On March 29, 2012, ISIS Pharmaceuticals 
announced submission of U.S NDA for 
kynamro (mipomerson sodium) in 
Homozygous Familial Hypercholesterolemia 
(HoFH). The FDA submission of kynamro is 
supported by largest clinical trial conducted to 
date in the HoFH patient population. In the 
randomized, double-blind, placebo controlled, 
multicenter trial, significant reductions were 
observed in all atherogenic lipoproteins 
evaluated (including LDL-C, Apo B) for patient 
receiving kynamro who are already receiving a 
regimen of maximally tolerated lipid-lowering 
therapies including statins. FDA advisory 
committee recommends kynamro of HoFH. 
Genzyme had provided sufficient efficacy and 
safety data to support the marketing of 
kynamro for treatment of patient with HoFH. 
Finally FDA approves new drug orphan drug 
kynamro to treat cholesterol disorder on 
January 29, 2013 28. 
 
CONCLUSION 
Kynamro is currently being studied in patients 
with mild to severe hypercholesterolemia as 
add-on therapy to other lipid-lowering therapy, 
as monotherapy in patients who are intolerant 
of HMG-CoA reductase inhibitors (statins) and 
who are at high risk for cardiovascular 
disease. This review provides an overview of 
the pathophysiology and current treatment 
options for familial hypercholesterolemia and 
describes novel therapeutic strategies 
focusing on mipomerson, an antisense apoB 
synthesis inhibitor. 
 

 

 



INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES            ISSN: 22775005 
 

Vol. 2 (3) Jul-Sep 2013                             www.ijpcsonline.com                                       1355 

REFERENCES 
1. John S, Sorokin AV and Thompson 

PD. Phytosterols and vascular 
disease. Current Opinion in 
Lipidology. 2007;18(1):35–40.   

2. Gupta M, Mazumder UK, Pal D and 
Bhattacharya S. Onset of puberty and 
ovarian steroidogenesis following 
administration of methanolic extract of 
Cuscuta reflexa Roxb. stem and 
Corchorus olitorius Linn. Seed in mice. 
Journal of Ethnopharmacology. 2003; 
89:55-59.  

3. Pal D. Evaluation of anti-steroidogenic 
activity of petroleum ether extract of 
Celsia coromandeliane Vahl in mouse 
ovary. Asian Journal of Experimental 
Biological Sciences. 2010;1(2):321-
324. 

4. Brunzell JD, Davidson M and Furberg 
CD. Lipoprotein management in 
patients with cardiometabolic risk: 
consensus statement from the 
American Diabetes Association and 
the American College of Cardiology 
Foundation. Diabetes Care. 2008; 
31(4):811–22.      

5. Van der Steeg WA, Holme I and 
Boekholdt SM. High-density 
lipoprotein cholesterol, high-density 
lipoprotein particle size, and 
apolipoprotein A-I: significance for 
cardiovascular risk: the IDEAL and 
EPIC-Norfolk studies. Journal of the 
American Colleage of Cardiology. 
2008;51(6):634–42.      

6. El Harchaoui K, Akdim F, Stroes ES, 
Trip MD and Kastelein JJ. Current and 
future pharmacologic options for the 
management of patients unable to 
achieve low-density lipoprotein-
cholesterol goals with 
statins. American Journal of 
Cardiovascular Drugs. 2008;8 (4): 
233–42.     

7. Athyros VG, Kakafika AI, Tziomalos K, 
Karagiannis A and Mikhailidis 
DP. Antisense technology for the 
prevention or the treatment of 
cardiovascular disease: the next 
blockbuster? Expert Opin Investig 
Drugs. 2008;17(7):969–72.     

8. Hanukoglu I. Steroidogenic enzymes: 
structure, function, and role in 
regulation of steroid hormone 
biosynthesis. The Journal of Steroid 
Biochemistry and Molecular Biology. 
1992;43(8):779–804.     

9. Gurr MI, Harwood JL and Frayn KN. 
Lipid biochemistry: An Introduction. 

5th Edition .London, UK: Blackwell 
Publishing, 2002, reprint 2004. 

10. Cholesterol. 
www.columbia.edu/itc/chemistry/c304
5/client...../PDF/26_11_16. pdf.    

11. National Institutes of Health. National 
Heart, Lung and Blood Institute. 
Detection, Evaluation and Treatment 
of High Blood Cholesterol in Adults 
(Adult Treatment Panel III) Final 
Report (PDF). Retrieved 2008-10-27.      

12. Report of the National Cholesterol 
Education Program Expert Panel on 
Detection, Evaluation, and Treatment 
of High Blood Cholesterol in Adults. 
The Expert Panel. Archives of Internal 
Medicine. 1988; 148 (1): 36–69.     

13. Durrington P. Dyslipidaemia.  
Lancet. 2003;362(9385):717–31.      

14.  American Heart Association. 
Cholesterol. 2008-11-17. Retrieved 
2009-02-21.     

15. Warnick GR, Knopp RH, Fitzpatrick V 
and Branson L. Estimating low-density 
lipoprotein cholesterol by the 
Friedewald equation is adequate for 
classifying patients on the basis of 
nationally recommended 
cutpoints. Clinical 
Chemistry.1990;36(1):15–9.    

16.  Merki E, Graham MJ and Mullick 
AE. Antisense oligonucleotide directed 
to human apolipoprotein B-100 
reduces lipoprotein (a) levels and 
oxidized phospholipids on human 
apolipoprotein B-100 particles in 
lipoprotein (a) transgenic 
mice. Circulation. 2008;118 (7):743–
53.      

17. Olson RE. Discovery of the 
lipoproteins, their role in fat transport 
and their significance as risk 
factors. Journal of Nutrition. 1998; 
128(2 Suppl): 439S–443S.     

18. Lewington S, Whitlock G and Clarke 
R. Blood cholesterol and vascular 
mortality by age, sex, and blood 
pressure: a meta-analysis of individual 
data from 61 prospective studies with 
55,000 vascular deaths. Lancet. 
2007;370(9602):1829–39.      

19. Lecerf JM and de Lorgeril M. Dietary 
cholesterol: from physiology to 
cardiovascular risk. Br Journal of 
Nutrrition. 2011;106(1):6–14.      

20.  Bell DA, Hooper AJ, Watts Gf and 
Burnett JR. Mipomerson and other 
therapies for the treatment of severe 
familial hypercholesterolemia. 



INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES            ISSN: 22775005 
 

Vol. 2 (3) Jul-Sep 2013                             www.ijpcsonline.com                                       1356 

Vascular Health and Risk 
Management. 2012;8:615-659.      

21. Kastelein JJ, Wedel MK and Baker 
BF. Potent reduction of apolipoprotein 
B and low-density lipoprotein 
cholesterol by short-term 
administration of an antisense inhibitor 
of apolipoprotein B. Circulation. 2006; 
114(16):1729–1735.       

22. Prescribing Information - 
Accessdata FDA - Food and Drug 
Administration. 
www.accessdata.fda.gov/drugsatfda_
docs/label/.../203568s000lbl.pdf.      

23. Statement on a nonproprietary name 
adopted by the USAN council: 
Mipomersen sodium. www.ama-
assn.org/resources/doc/usan/mipomer
sen_sodium.pdf.     

24. Akdim F, Visser ME and Tribble DLl. 
Effect of mipomersen, an 
apolipoprotein B synthesis inhibitor, on 
low-density lipoprotein cholesterol in 
patients with familial 
hypercholesterolemia. American 
Journal of Cardiology. 2010; 
105(10):1413–1419.     

25. Yu RZ, Lemonidis KM and Graham 
MJ. Cross-species comparison of in 
vivo PK/PD relationships for second-
generation antisense oligonucleotides 
targeting apolipoprotein B-100. 
Biochemical Pharmacology. 2009; 
77(5):910–919.        

26. Yu RZ, Kim TW, Hong A, Watanabe 
TA, Gaus HJ and Geary RS. Cross-
species pharmacokianetic comparison 
from mouse to man of a second-
generation antisense oligonucleotide, 
ISIS 301012, targeting human 
apolipoprotein B-100. Drug 
Metabolism and Disposition. 2007; 
35(3):460–468.      

27. Yu RZ, Geary RS and Flaim JD. Lack 
of pharmacokinetic interaction of 
mipomersen sodium (ISIS 301012), a 
2′-O-methoxyethyl modified antisense 
oligonucleotide targeting 
apolipoprotein B-100 messenger RNA, 
with simvastatin and ezetimibe. 
Clinical Pharmacokinetics. 2009; 
48(1):39–50.      

28. Kynamro FDA approved history-
www.drugs.com.        


